Quantitative assessment of planktonic organisms is a key issue in determining food web structure and material cycling in pelagic ecosystems. In particular, reliable data on the mesozooplankton (200 -2000 mm) , the most common size class of the zooplankton community, are essential for our understanding of marine ecological processes (Riccardi, 2010) . Mesozooplankton have traditionally been quantified using coarse plankton nets with a mesh size of 200-330 mm. However, several recent studies have shown coastal and oceanic waters to be dominated by small copepods, such as the genera Oithona and Oncaea, when finer mesh nets of 100 mm or less are used (see review by Turner, 2004) . According to Hwang et al. (Hwang et al., 2007) , the abundance of oithonid copepods in plankton samples collected with a 333 mm mesh was approximately an order of magnitude lower than that collected with a 100 mm mesh. Riccardi (Riccardi, 2010 ) also compared the zooplankton abundance collected by WP-2 nets with 200 and 80 mm meshes. He found that a 200 mm mesh net caught only 11% of the organisms caught using an 80 mm mesh net and that 73-95% of the smaller size classes of mesozooplankton were missing. The density of smaller mesozooplankton is therefore underestimated using traditional large-mesh nets, leading to severely biased estimates of secondary production as well as zooplankton community structure (Riccardi, 2010) .
Selection of a net with appropriate mesh size is necessary for reliable estimation of zooplankton abundance. Nichols and Thompson (Nichols and Thompson, 1991) recommended that a net with mesh of ,61 mm is required to collect quantitatively not only adult copepods, but also copepodites and nauplii. However, Gallienne and Robins (Gallienne and Robins, 2001) suggested that an 80 mm mesh size is sufficient for most purposes as this has been estimated to retain 90% of abundance and 98% of biomass of mesozooplankton between 200 and 2000 mm body length. Conversely, use of fine mesh nets possibly caused the underestimation of large taxa (e.g. copepods of 2 mm size) due to bow-wave effects coupled with reduced filtering efficiency (UNESCO, 1968) . It is therefore difficult to select a suitable net mesh for quantitative assessment of a whole zooplankton community without also evaluating the effects of mesh selection on those samples. However, the effects of mesh selection and net retention on zooplankton abundance/biomass have not been adequately investigated to date.
We aimed to establish a better method for quantifying zooplankton abundance and community structure by comparing the collection efficiency (CE) of three nets with coarse (330 mm), medium (100 mm) and fine (60 mm) meshes. Specifically, we conducted tests that: (i) compared the CE of small zooplankton using 100 mm and 330 mm mesh nets with 60 mm mesh (assuming 100% CE for the 60 mm mesh); and (ii) compared the CE for large zooplankton using 60 and 100 mm mesh nets with 330 mm mesh. The northern region of Lützow-Holm Bay in the Southern Ocean was chosen as a suitable study site as long-term routine oceanographic/biological surveys have been conducted there since 1972 as part of the Japanese Antarctic Research Expedition (JARE) zooplankton monitoring programme (Takahashi et al., 1998; Tanimura et al., 1999) .
Samples were collected from seven stations during the Umitaka Maru cruise (UM0708) between December 2007 and January 2008 (Table I) , as part of the 49th Japanese Antarctic Research Expedition (JARE 49). Water samples were collected using a Niskin bottle attached to a CTD rosette at 11 depths in the upper 200 m and filtered through GF/F filters for chlorophyll a (Chl a) analysis of each size class. After extraction by N,N-dimethylformamide for 12 h, Chl a concentration was determined by the Welschmeyer method (Welschmeyer, 1994 ) using a Turner Designs fluorometer (Model 10-AU).
Zooplankton samples were collected by vertical hauls of a twin-type NORPAC net (330 and 100 mm mesh size) from 200 m depth to the surface with a hauling speed of 1 m s
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. Depth stratified samples using a 60 mm mesh were collected using a closing net known as a 'Gamaguchi-net' (Kawamura, 1989) The mouth diameter and length of the nets were 45 and 1.8 m, respectively, and the only difference between the NORPAC net and the Gamaguchi-net was the setting of the bridle. Four bridles from each edge of the frame of the twin-type NORPAC net were tied above the two nets, and a standard triple-leg bridle was attached to the Gamaguchi net. A calibrated flow meter was mounted in the centre of each net to determine the volume of water filtered. Each sample was divided into four aliquots, with one preserved in neutralized formalin in seawater (5% final concentration) for microscopic analysis. The three remaining aliquots were frozen in liquid nitrogen for other analyses.
In the onshore laboratory, identification and counting were carried out under a dissecting microscope. Large specimens (.1.5 mm in total length) were picked from the preserved sample (1/4 of the total sample), identified and counted. The remainder of the sample was divided further ( 1/512), and the small taxa (,1.5 mm) were analysed (at least 200 individuals were counted). All calanoid copepods were identified to species level and, as far as possible, to their respective Table I : Time, position, water depth, phytoplankton standing stock, filtering efficiency (FE, %) of three mesh nets and collection efficiency (CE, %) of 100 and 330 mm mesh nets in total zooplankton abundance and without copepod nauplii at seven sampling stations developmental stage. Cyclopoids and poecilostomatoids (genera Oithona and Oncaea) were identified to the genus level. The remaining (non-copepod) taxa were identified to higher taxonomic levels. For the comparison between mesh sizes, the averaged zooplankton abundance in the 0 -200 m layer collected by the 60 mm mesh was calculated from abundances in the upper two layers (0 -100 and 100-200 m). Gallienne and Robins (Gallienne and Robins, 2001) found that .99% of mesozooplankton abundance and biomass was retained by a 64 mm mesh net. Therefore, the CE of the 100 mm and 330 mm mesh nets was calculated using the following equation (assuming the CE of the 60 mm mesh net is 100%):
CE 100 mm or 330 mm ð%Þ ¼ Abundance 100 mm or 330 mm Abundance 60 mm Â 100
A one-way ANOVA or Kruskal -Wallis test was conducted to reveal differences in abundance of each taxonomic group determined using the three meshes. When a significant difference was detected, a Tukey or SteelDwass test (Steel, 1960) (Table II) . The zooplankton assemblage was dominated by copepod nauplii, accounting for 66.5% of total zooplankton abundance, followed by Oithona spp. (10.6%) and Oncaea spp. (9.4%). Other taxa, including Ctenocalanus citer (2.9%), Microcalanus pygmaeus (2.3%) and copepodite stage I (CI) of C. citer and M. pygmaeus (3.9%), were also abundant. Other than copepods, appendicularians were the only taxon accounting for more than 1% of the averaged zooplankton composition. Total zooplankton abundance determined using a 100 mm mesh net ranged from 1441 ind. m 23 at G5 to 4118 ind. m 23 at L1 (mean + SD: 2664 + 1191 ind.m 23 ) (Table II) . Copepod nauplii were the dominant zooplankton taxon collected with the 100 mm mesh, accounting for 37.4% of the total zooplankton composition. Oncaea spp. (17.4%), Oithona spp. (14.8%), CI of C. citer and M. pygmaeus (10.5%), M. pygmaeus (5.6%), C. citer (5.5%) and appendicularians (5.1%) were also dominant components, and the species composition was therefore similar to that seen for the 60 mm mesh net. Total zooplankton abundance determined using a 330 mm mesh net ranged from 155 ind. (Table II) . In this assemblage, appendicularians were the dominant component, accounting for 33.0% of the zooplankton composition. As for the other mesh sizes, copepod nauplii (17.7%), Oithona spp. (17.4%), Oncaea spp. (5.6%) and C. citer (5.6%) were also dominant components. In this Table II There was no significant difference in the abundance of any taxon between the samples collected with 60 and 100 mm mesh nets, with the exception of copepod nauplii (Table II) . A significant difference was found in the abundance of copepod nauplii, Oithona spp., Oncaea spp., Microsetella spp., C. citer, M. pygmaeus and CI of C. citer and M. pygmaeus (P , 0.05) between 60 and 330 mm mesh. The same result for these small species was also seen between 100 and 330 mm mesh. The CE of the 100 mm mesh and 330 mm mesh ranged from 25.9 to 60.9% and 2.0 to 5.6%, respectively. The CE of the 100 mm mesh increased to 43.0-115.7% if copepod nauplii were excluded. Therefore, a 100 mm mesh net is suitable sampling gear to determine zooplankton community structure in this region, if copepod nauplii are not included in the analysis.
Although it was not a statistically significant difference, the average abundance of large copepod species (C. acutus, C. propinquus and M. gerlachei) was 25% higher for the 60 mm mesh than for the 100 mm mesh. The volume filtered is likely to be underestimated when a finer mesh net is mounted with a flow meter (Tranter and Smith, 1968; Evans and Sell, 1985) , resulting in an overestimation of abundance. In the present study, such bias may account for the higher abundance of large copepods in the 60 mm mesh net sample. We estimated the corrected abundance of the 60 mm mesh net using the following equation;
Corrected abundance ¼ raw abundance 1:25 where the value of 1.25 was calculated as the abundance of large copepods collected by the 60 mm mesh divided by the abundance collected by the 100 mm mesh. Although the Kruskal -Wallis and Steel -Dwass tests for all pairwise comparisons between corrected abundances produced the same results as for raw abundances, the corrected CE for the 100 mm mesh net without copepod nauplii averaged 92%. These results suggest that abundance estimates using a 100 mm mesh net were close to the true abundance of the whole mesozooplankton community, although the abundance of copepod nauplii was significantly underestimated.
Our results indicate that sampling zooplankton using a 100 mm mesh is acceptable for understanding mesozooplankton abundance and community structure, although copepod nauplii should be quantified using a finer mesh, such as 60 mm (Nichols and Thompson, 1991) . However, care must be taken in quantifying the volume filtered when using finer mesh nets with attached flow meters. In this study, we observed several overestimations of zooplankton abundance by the finer mesh net, although these can be corrected for the comparison with coarser mesh net as determined using large copepod abundance. Two of four long-term monitoring programs use both finer and coarser mesh nets, which will allow for correction of overestimations and will provide valuable information on long-term changes in zooplankton communities.
